Introduction: Ovarian blood flow plays a vital role in ovarian follicular development in In Vitro fertilization (IVF) cycle. Perifollicular color mapping with three-dimensional (3D) power Doppler angiography (PDA) is a reliable technique for predicting IVF success.
INTRODUCTION
Last two decades have witnessed the great advances in IVF and has also identified knowledge deficits in some areas. In spite of having multiple IVF centers, there is a scarcity of national data quoting of the overall success rate of IVF in India. The need to search for a predictor of IVF cycle is as old as the discovery of IVF. Various factors are used to predict the success of IVF cycle like maternal age, basal FSH, anti mullerian hormone (AMH), body mass index (BMI), antral follicle counts etc. 1 A study on ovarian markers of implantation potential proved that expression of 11-beta hydroxy dehydrogenase steroidby granulosa cell in vitro, adhesion and proliferation of cumulus cells in vitro, steroidogenic activity of cumulus cells in vitro, vascular endothelial growth factors bound to granulosa and cumulus cells and perifollicular vascularity may have vital role to play in predicting implantation. 2 Any method that helps in predicting IVF success before oocyte retrieval will help in counseling the couple before undergoing the procedure. Ovarian blood flow (OBF) has a vital role to play in the selection and maturation of dominant follicle. 3, 4 In previous few years, OBF was evaluated by pulse Doppler. Vascularity of preovulatory follicle was more extensive than other follicles and, peak systolic velocity of follicles was significantly correlated with oocyte recovery and quality of embryos. 5 The study of Coulam et al. on qualitative and quantitative assessment of follicular blood flow concluded that women with atleast one follicle having PSV ≥ 10 cm/s on the day of HCG administration has more chances of conception than those with PSV < 10 cm/s (p = 0.05). 6 Color Doppler requires selection of a large vessel because of its inherent less sensitivity to smaller blood vessels.
7-9 Benefits of power doppler over color doppler include, there is no aliasing, higher sensitivity leading to better identification of smaller vessels and no need for angle correction. 10 There were several studies subjectively and objectively assessing the role of power Doppler in predicting the success of IVF outcome. 11, 12 Power Doppler gives information about blood flow in a 2D plane which was overcome by 3D PDA.
ORIGINAL ARTICLE
Power Doppler is more sensitive, while 3D ultrasound gives spatial awareness and both of these advantages are provided with 3D PDA which gives an idea about the blood flow of the whole organ. 13 With the help of "virtual organ computer-aided analysis (VOCAL TM )" software, one can manually define the target volume and quantify the blood flow using histogram facility. 14, 15 It measures three important parameters named VI showing the percentage of a number of blood vessels in the area, FI showing blood flow intensity in the area, VFI includes both and represents total tissue perfusion. 16 There is good evidence proving inter-and intra-observer reproducibility of the technique. 9, 10, 17 Various studies have been performed on identifying the role 3D PDA in predicting IVF success. No significant variation was observed by Anita et al. in implantation, clinical pregnancy and live birth rates, with or without perifollicular vascularity, in poor responders. 18 Significantly higher 3D PDA parameters were observed by Pan et al. in PCO patients. 19 Kupesic et al. proved ovarian stromal FI and total ovarian volume as a predictor of favorableIVF outcome. 1 Merce et al. predicted 76% of pregnancies in IVF patients with the help of ovarian FI and number of grade 1 embryos. 16 The aim of this prospective study was to identify the relation between the NF, total OV and 3D PDA parameters (VI, FI, VFI) after stimulation with gonadotrophins with IVF laboratory parameters and IVF outcome. All patients undergoing their first IVF cycle with long (GnRH agonist) protocol were included in the study after obtaining informed consent. All women were given monophasic oral contraceptive pills from day 2 of the menstrual cycle and Gn RH agonist Injection Leuprolide Acetate (Luprorin-4, 4 mg/4 mL vial, Intas)was started from day 21 of the previous cycle in the dose of 0.5 mg subcutaneously daily. Pituitary down-regulation was confirmed by the presence of follicle < 10 mm and thickness of endometrium< 5 mm on Day 2 of the cycle. After performing, Day 2 transvaginal sonography, patients received recombinant FSH 225 IU/mL (Newmon-R, LG Life Sciences)intramuscular per day and was adjusted as per follicular growth. In 34 cycles, HMG (IVF-M, LG Life Sciences) was also added to achieve adequate follicular growth. When three lead follicles were exceding 18 mm diameter, recombinant HCG (Ovitrelle, Merck Serono) was administered in a dose of 250 mcg, two injections subcutaneously.
METHODS

Study
All Doppler ultrasound examinations were conducted on the day of HCG administration by a single observer (K.N.S.) by Voluson E8 (GE Medical System, Milwaukee, WI, USA) with RIC 6-12-D, 5-13 MHz vaginal probe.
The maximum diameter of all follicles of >10 mm was measured. Endometrial thickness was also measured in a sagital section of the uterus. Power Doppler was activated, and the window was adjusted to include the whole ovarian area. Following parameters were set and kept constant for every patient. Color gain -6.0 to -8.0, pulse repetition frequency (PRF) 600 Hz and wall motion filtered 50 Hz. Then 3D was activated and region of interest was adjusted to include entire ovary with volumetric sector angle 90 degrees. The patient was asked to avoid movement while the image was acquired as well as the movement of the probe was also avoided. In the cases where motion artifacts were detected, examinations were repeated after explaining the patients.
The analysis was done using the VOCAL program. Manual mode was used checking six slices at 30 degrees, 3D Power Doppler indices were calculated using volume histogram. Ovarian volume, number of follicles, VI, FI, VFI, were included as main outcomes. The sum of data from both the sides was taken for analysis as there was no statistically significant difference in the parameters of both ovaries.
Oocyte retrieval under transvaginal sonography (TVS) guidance was done 36 hours post HCG injection. Oocytes were categorized as mature and immature according to the stage of development. Oocytes were fertilized by IVF. UK NEQAS embryo morphology scheme was used to grade embryos. 20 One to three embryos were transferred on Day 3 (72 hours after oocyte retrieval) under transabdominal USG guidance. All the patients undergoing embryo transfer had an endometrial thickness of 7 to 9.5 mm. Micronized progesterone 600 mg (Susten300, Sun Pharma) was given to all patients starting from the day of oocyte retrieval. All patients received recombinant HCG (OVITRELLE, Merck Serono ) twice a week from the day of embryo transfer till 14 days. Serum beta-HCG concentration was recorded 14 days following embryo transfer. Clinical pregnancy was defined as the presence of one or more gestational sac with cardiac activity.
Statistical Analysis
Data are entered into the SPSS V 20 and analysis has been conducted.
Continuous data are expressed as Mean ± Standard form, and Non-continuous data are expressed as in frequency and in percentages form.
For Continuous data, it follows both parametric as well as Non-parametric distribution.
Independent t-test and Mann Whitney test have been used for carrying out significant value.
For Non-continuous data, Chi-Square test and Fisher exact test have been used for carrying out significant value.i.e. p-value.
RESULTS
We analyzed 94 women undergoing IVF treatment at our center. Mean age was 30.75 ± -4.11 years with rage from 21 to 38 years.The mean duration of infertility was 4.52 ± 1.68 years with a rang e from 2 to 7 years. 51 cases were attributed to primary infertility, and 43 cases were due to secondary infertility. The reason of infertility was a tubal factor in 26 cases, male factor in 10 cases, ovarian causes in 49 cases, mixed causes in 3 and unexplained in 6 cases. Fourty-four patients (46.80%) had positive beta HCG on day 15 after embryo transfer. There were total 31 clinical pregnancy (32.97%) with 7 twins (22.58%) and 5 triplet (16.12%) pregnancies. Ten pregnancies aborted (10.62%). Three patients had ectopic pregnancies (3.19%). Table 1 compares general and demographic parameters of pregnant and non-pregnant patients including age, cause, and type of infertility, a dose of recombinant FSH and HMG required to achieve adequate stimulation and duration of stimulation. Mean age of patients who conceived was significantly lower than patients who didn't conceive. Cause and type of infertility, the duration of stimulation and dose of gonadotrophins had no significant impact on the success of the IVF cycle.
It is depicted in Table 2 , that, number of mature oocytes, no. of fertilized oocytes and the total number of embryos available on the day of transfer, number of embryo transferred and the total number of grade 4 embryo transferred were significantly more in women who conceived as compared to those who did not. All embryo transfers were done on day 3. Women who conceived had higher numbers of grade 4 embryo transferred. Table 3 shows the relation between 3D power Doppler Angiographic parameters including a total number of follicles, total ovarian volume, VI, FI, VFI on the day of HCG injection and IVF cycle results. The number of follicles , total ovarian volume, VI, FI, VFI were significantly elevated in women who conceived. Table 4 describes correlation between USG parameters and IVF laboratory outcomes. All parameters were showing positive linear co-relation with highest (r = 0.7058) between number of follicles and number of oocyte retrieved followed by number of follicles and number Table 5 clearly highlights regression analysis to identify 3D PDA parameter predicting the IVF laboratory parameters, that number of follicles was the only independent parameter predicting number of retrieved oocytes (r = 0.705, p < 0.01), number of fertilized oocytes (r = 0.701, p < 0.01), number of mature oocytes (r = 0.662, p < 0.01) and number of grade 4 embryos (r = 0.357, p < 0.01). In Table 6 , the logistic regression analysis was done among OV, VI, FI, VFI, and number of grade 4 embryos transferred to identify the best predictor of IVF success. VI (p =0.014) and NF (p = 0.02) are the best predictors of successful IVF outcome followed by number of grade 4 embryos transferred (p = 0.056), VFI (p = 0.066), FI (p = 0.40) and OV (p = 0.519).
DISCUSSION
Despite extensive literature search, we were able to identify only a few studies where 3D PDA is used to evaluate blood flow of ovary in patients undergoing IVF and also to co-relate its impact on successful IVF outcome. Previous studies have calculated PSV from many follicles 21 or maximum PSV of the dominant follicle by serial assessment. 5 Color Doppler evaluation of follicular blood flow was dependent upon subjective identification of peri-follicular blood vessel by sonographer followed by correction of insonation angle. In this study, 3D PDA was used to demonstrate the dynamic vascularity of ovary before oocyte retrieval. It can measure blood flow in total ovarian volume conveniently, accurately and rapidly using VOCAL software and overcomes the angle dependence and aliasing of color Doppler. 21, 22 Three-dimensional power Doppler histogram can quantify the blood flow of ovarian stromal Doppler signal via 3D reconstructive figure. 23 As in the formula defined by Pairleitner et al., 24 VI denotes the ratio of color-coded voxels to all voxels within the volume and is expressed as a percentage which indicates the proportion of flow signal (vessel density) detected within the total ovary. The FI represents the mean power Doppler signal intensity from all color-coded voxels which means the average value of the flow intensity inside the whole ovary. VFI demonstrates both vessels and flows intensity derived by multiplying the VI and FI.
The correlation between NF's > 10 mm on the day of HCG administration and number of oocytes retrieved, the number of mature oocytes, number of fertilized oocytes The comparison was done between pregnant and non-pregnant groups to identify parameters that were significant and also to determine predictors affecting oocyte retrieval and IVF outcomes. Among them, only age was found to be lower in those who conceived. As the patient's age increases,there was a decrease in ovarian response, ovarian volume, and antral follicle count. 28 Besides, no other characteristics had any significance. The OV and the 3D PDA indices (VI, FI, and VFI) were found to be higher in the pregnant group as compared with the non-pregnant group.The same results were obtained by Merce et al. 16 Kupesic et al. 28 have shown that the ovarian stromal flow index (FI) after pituitary down-regulation was higher among patients who became pregnant.Jarvela et al. described IVF-induced changes in ovarian vascularization and compared normal with polycystic ovaries (PCOS) in 60 infertile patients after measuring parameters on the day of pituitary down-regulation, FSH stimulation, and HCG injection using 3D PDA. 29 They observed that VI and VFI were higher in pregnant women as compared with non-pregnant women. 29 The quality of the embryos transferred is an important predictor of successful IVF outcome. In our observation,women who conceived had higher numbers of grade 4 embryos transferred as compared to those who did not. This was consistent with Philippe et al., who identified embryo quality as a better predictor than its number and women's age for favorable IVF outcome. 30 Logistic regression analysis of variables showing significant differences between the pregnant and nonpregnant clusters (OV, VI, FI and VFI, number of grade 4 transferred embryos) helped in identifying the predictor of IVF success. NF and VI were the best predictors for successful IVF outcome followed by a number of grade 4 embryos transferred and VFI. This was slightly different from Merece et al. 16 who identified FI and number of grade 1 embryo transferred as the best predictors.
CONCLUSION
Three-dimensional PDA has proved to be an easy and accurate method of assessing ovarian blood flow. We could identify positive co-relation between 3D PDA parameters and IVF laboratory parameters. This study proved a number of follicles as the only independent parameter, NF and VI as the best predictors of successful IVF outcome. Better quality of embryos transfered also improves results. These findings are similar with current knowledge which supports routine utilization of this technique to counsel the patients before oocyte retrieval. In view of a higher number of multiple pregnancies in our study, further study is required to comment on decreasing the number of embryo transferred in women with high perifollicular VI, FI, and VFI to reduce subsequent higher order multiple births. Thus, 3D PDA provides valuable help in managing IVF patient and is worthy of further larger studies.
